Summary. Commercial 
Introduction
Commercial samples of crystallized bovine serum albumin (BSA) have been found to cause complete hatching or zona shedding of rabbit blastocysts cultured in vitro from the one-cell stage (Kane, 1972 ; Kane & Headon, 1980) . This effect appeared to be due to a relatively high molecular weight protein contaminant of the BSA or a smaller molecule associated with such a contaminant (Kane & Headon, 1980) . Because the role of proteases in eroding rabbit blastocyst coverings in vivo has been well documented (Denker, 1977) the present study explored the possibility that the hatching of rabbit blastocysts in culture is due to protease action either by an endogenous protease produced by the blastocyst or by a protease contaminant of the BSA.
Materials and Methods
Embryos. New Zealand White does were induced to superovulate by treatment with FSH (twice daily s.c. injections for 3 days: 0-5 mg/injection) followed 1 day later by simultaneous injection of LH (0-5 mg, i.v.) and artificial insemination. One-cell embryos were collected 20-21 h after injection of LH. FSH and LH were pituitary preparations from Armour (Kankakee, Illinois, U.S.A.). The composition of the flushing medium was 0-1% defatted BSA, 126 mM-NaCl, 4-78 mM-KC1,1-71 mM-CaCl2 2H20,119mM-KH2P04,119mM-MgS04.7H20,10mM-Hepesand500i.u.
penicillin G/ml and 500 pg streptomycin sulphate/ml. This medium was neutralized to pH 7-4 at 37°C with 1 N-NaOH. Embryos were washed free of oviduct fluid with repeated changes of the flushing medium and were placed in culture in 0-5 ml droplets of culture medium under liquid paraffin in tissue culture dishes. Culture dishes were maintained at 38°C under a gas phase of 5% C02 in air. Embryos were cultured for 6 days and the numbers of early blastocysts ( (Ham, 1963; Kane & Foote, 1970) .
Biochemicals. The 2 types of commercial BSA (Sigma, London) used were normal BSA and defatted BSA from which fatty acids and other protein-bound contaminants had been removed by charcoal treatment (Chen, 1967 (Schnebli, 1975) .
Statistical comparisons were carried out on the overall treatment responses using 2 tests with the Yates' correction for continuity.
Results

Experiment 1
Heat treatment of the normal BSA significantly decreased its ability to promote expanding blastocyst formation and almost completely destroyed its ability to cause complete blastocyst hatching (Table 1) . Significantly different from that for normal BSA: *P < 005, **P < 0-01, ***P < 0001.
Experiment 2 Trypsin levels of 20, 100 and 500 ng/ml in the culture medium permitted a high proportion of hatched blastocyst formation in the presence of defatted BSA (Table 2 ). These hatched blastocysts usually contained both inner cell mass and trophoblast. However, they did not expand noticeably after hatching and all degenerated within 24 h after hatching. 
Experiment 3
The only protein-type protease inhibitor to reduce blastocyst hatching was ovomucoid and that only at the highest concentration of 2-5 mg/ml (Table 3 ). The highest level of TLCK and TAME significantly decreased early blastocyst, expanding blastocyst and hatched blastocyst formation, while the middle level of TAME significantly decreased both early and expanding blastocyst formation (Table 4) . The results of these experiments do not support the idea that protease contaminants of the BSA directly cause blastocyst hatching or that non-protease contaminants stimulate production of an endogenous blastocyst protease which causes hatching. While trypsin mimicked the effect of the normal BSA in causing blastocyst hatching, these blastocysts degenerated rapidly in culture, unlike those formed in the presence of normal BSA.
None of the protease inhibitors tested seemed to inhibit blastocyst hatching in a specific manner. When blastocyst hatching was significantly inhibited this happened only at the highest concentration of the inhibitors and the inhibition of blastocyst hatching was accompanied by a reduction in formation of early and/or expanding blastocysts. This suggests that the inhibitory effect is either a non-specific toxic effect or else a general inhibitory effect on cell division. The hatching of rabbit blastocysts in culture is associated with an increase in cell number (M. T. Kane, unpublished data) . This information plus the present data suggests that hatching of rabbit blastocysts in culture is due to a mechanical process whereby the expanding blastocyst forces its way out through a weak point in the zona and the thin mucin coat (usually less than 5 pm in these experiments) rather than to an enzymic process. Photographs of blastocyst hatching have already been published (Kane, 1975) . However, hatching of rabbit blastocysts does not occur in utero; instead the rabbit blastocyst expands and stretches the zona and the mucin coat (reviewed by Denker, 1977) . There is evidence that digestion of blastocyst coverings in utero is carried out both by a blastocyst protease and by proteases present in uterine fluid (Denker, 1977) , but blastocyst hatching in utero is probably prevented by the presence of a thick mucin coat (Kane, 1975) .
One of the more intriguing possibilities to emerge as a potential function for uterine proteases is that they may act as mitogenic agents stimulating blastocyst growth. Proteases are known to have mitogenic effects on mouse embryos (Pienkowski, Solter & Koprowski, 1974; Konwinski, Solter & Koprowski, 1978) . There are numerous reports of the mitogenic effects of proteases on cells in tissue culture, e.g. on mouse and human lymphocytes (Kaplan & Bona, 1974) , on chick embryo fibroblasts (Chen & Buchanan, 1975) and on human lymphocytes (Mazzei, Novi & Bazzi, 1966) . Proteases may also be mitogenic for rabbit blastocysts and the present results with the protease inhibitors do not exclude this possibility. This is particularly true of the results with TAME, a competitive inhibitor of proteases and esterases (Kassell & Laskowski, 1956) , in which a decrease in blastocyst formation and expansion was present even at a relatively low concentration of inhibitor (0-2 mg/ml).
The factor in the commercial BSA that causes blastocyst hatching is shown to be heat-labile, being destroyed by heating at 65 and 80°C. This provides only a limited amount of information as to its identity because heating would be expected to destroy a wide range of serum factors such as enzymes and vitamins. Heating not only abolished almost completely the formation of hatched blastocysts but also reduced the level of early and expanding blastocyst formation to that found with defatted BSA. This indicates that the factor concerned is one that promotes not just blastocyst hatching but also blastocyst growth.
We are now attempting to purify the hatching promoting factor from commercial samples of BSA and are also investigating the effects of a wide range of proteases and other enzymes on the rabbit blastocyst. Results to date indicate that although a number of proteases cause blastocyst hatching none is comparable to the BSA factor in promoting blastocyst growth.
